Tamarixetin and kaempferide were considered as the major active constituents of Tamarix chinensis, and had several known bioactivities. An effective and inexpensive high-performance liquid chromatographic method was established and validated for the determination of tamarixetin and kaempferide in rat tissues following a single oral administration. Tissue distribution showed the highest level of tamarixetin was observed in lung, then in heart; and the highest concentration of kaempferide was determined in heart.
INTRODUCTION
The twig of Tamarix chinensis was used for the treatment of coughs with dyspnea and wind chill cold in Chinese folk (National Pharmacopoeia Commission, 2005) . Tamarixetin and kaempferide were considered as the major active constituents of T. chinensis (Zhang et al., 1991) . Tamarixetin had been found to have antibacterial (Sultanova et al., 2001) , free radical scavenging (Fazilatun et al., 2005; Nessa et al., 2004) , hepatic protective (Yannai et al., 1998) and antioxidant activity (von Moltke et al., 2004) . Kaempferide was reported had the peroxynitrite free radical scavenging (Calgarotto et al., 2007) , antitrypanosomal and antileishmanial (Tasdemir et al., 2006) , antioxidant activities (Burda and Oleszek, 2001) . Among variety of bioactive flavonoids, which were in took by daily dietary (Androutsopoulos et al., 2010) , tamarixetin and kaempferide were widely found in many plants (Lai et al., 2007) . With the growing significance of a potential beneficial role of tamarixetin and kaempferide in human health, there is a demand for analyzing them simultaneously. thin-layer chromatography (TLC), highperformance liquid chromatography (HPLC) and liquid chromatography-mass spectrometry (LC-MS) had been applied to quantification of tamarixetin or kaempferide from various herbal medicines and foods (Liang et al., 2009; Lai et al., 2007; Wang et al., 2008; Paulke et al., 2006) , but no simultaneous determination reported in crude plant's extract and biological fluids, let alone in tissues. It is well known that tissue distribution can help predict a variety of events related to the efficacy and toxicity of herbal preparations. Therefore, it is necessary for an intensive investigation on tissue distribution of tamarixetin and kaempferide for a good understanding of the mechanism of action and facilitating further research and development of T. chinensis. In the present paper, we developed and validated a rapid and sensitive HPLC method to determine tamarixetin and kaempferide in rat tissues. The method was successfully applied to tissue distribution study after oral administration of 600 mg/kg the total flavonoides from T. chinensis to healthy rats.
MATERIALS AND METHODS

Chemical, reagents and animals
Tamarixetin and kaempferide were isolated from thin-film transistor (TFT) their structures were identified on the basis of spectral data (Galeotti et al., 2008; Blasa et al., 2011) and the purity was >98.5%. Quercetin used as internal standard (IS) and its purity was >99.0%. HPLC-grade methanol was purchased from Honeywell International (Burdick and Jackson, Muskegon, MI, USA). Analytical and C18 cartridge columns were purchased from Waters (Waters, Milford, MA, USA). Pure tamarixetin and kaempferide solutions were prepared in methanol to furnish working solutions at concentrations 800, 400, 160, 80, 16, 8, 3 .2, 1.6 μg mL -1 and 1400, 700, 280, 140, 28, 14, 5.6, 2.8 μg mL -1 , respectively. Their working solutions were added to different tissue homogenates of untreated rat and obtained the standard calibration sample in the concentration range of 0.32 to 160 μg mL -1 and 0.28 to 280 μg mL -1 . Quercetin solution of concentration 275 μg mL -1 was prepared in methanol. All the solutions were stored at -20ºC and were brought to room temperature before use. Wistar rats (male, 170 to 190 g) were purchased from Qingdao Institute of Drug Control (Qingdao, P. R. China), and kept in environmentally controlled breeding room (relative huminidity: 65%, temperature: 23 ± 2ºC, 12 h light-12 h dark cycle) for three days before the test, fed with food and water ad arbitrium. All animal studies were performed according to the requirement of the National Act on the Use of Experimental Animal (China).
Instrumentation
LC analysis was performed on Waters 2695 high performance liquid chromatography system equipped with diode array detector (2996) and Empower software (Waters, Milford, MA, USA). A Waters Sunfire TM C18 reversed-phase column (5 μm particles, 250 mm × 4.6 mm) was used for separation and quantification.
Chromatographic conditions
The mobile phase for tissue samples was a gradient prepared from methanol (component A) and 0.15% aqueous formic acid solution (component B, pH: 2.8) and the flow rate was 1.0 mL min -1 . The initial mobile phase composition condition was A to B 10:90 (v/v). This was changed linearly to A to B 35:65 (v/v) at 15 min and held at this composition until 25 min, the composition was changed linearly to A to B 60:40 (v/v) at 40 min. Chromatograms were monitored at 254 nm and the temperature of column was kept at 35ºC.
Sample preparation
0.2 g tissues (heart, liver, spleen, lung, kidney, prostate and brain) were shredded in ice-bath, and then homogenized in 2 mL ice-cold 1% phosphoric acid normal saline solution. The homogenate was added 10 μL IS and vortex-mixed for 60 s. The supernatant, prepared by centrifugation at 6000 rpm (10 min), was extracted by C18 cartridge and eluted with water (0.6 mL) and methanol (0.6 mL) successively. The methanol fraction was evaporated to dryness under a stream of nitrogen at 40ºC. The residue was redissolved in150 μL of methanol, and then stored 30 min at 4ºC. A 10 μL aliquot was injected into the high performance liquid chromatography system after centrifugation at 12000 rpm for 10 min.
Method validation
Calibration curves were constructed by plotting peak area versus concentrations in the standard samples. The limit of detection (LOD) and limit of quantitation (LOQ) were determined to evaluate the sensitivity, defined as the concentration that produced a signalto-noise ratio of 3:1 and 10:1, respectively. Intra-and inter-day precision, assessed by relative standard deviation (RSD) and mean concentration, were measured by performing replicate analysis (n = 5) for each concentration within one day and three continual days. The recoveries from tissue samples were calculated by comparing peak areas extracted from tissue samples with those of the same quantities added to the mobile phase. The freeze-thaw stability was tested after frozen at -20ºC for 24 h and completely thawed at room temperature. The long-time stability and short-time stability was assessed within 30 days and 24 h storage periods. All samples were tested at three concentration levels and repeated at least three times in method validation section.
Tissues distribution study
Tissues of 25 rats were removed at 10, 30, 60, 90 and 120 min after dosing 600 mg kg -1 TFT, washed with physiological saline solution and blotted dry twice, finally weighed and stored at -20ºC until disposal (within 24 h). Blank tissues were collected from rats free of TFT and processed as tissue samples.
RESULTS AND DISCUSSION
Extraction recovery
In different tissues, the range of two analytes was from 86.6 to 99.2% and from 87.1 to 101% and not less than 89.7% for IS. The results guaranteed the established method was suitable for tissue distribution study of tamarixetin and kaempferide.
Selectivity
The interference in tissue homogenate made it difficult to determine analytes exactly, after treaded in this study, the endogenous components were not appeared at the retention time of analytes in tissue analysis (Figure 1) . It was concluded that acceptable selectivity was obtained by using the developed method.
Precision and accuracy
The measured mean concentration was very close to the added concentration (>91.3%) and the RSD of tamarixetin and kaempferide was less than 5.03% and 4.12%, respectively, which indicated that the developed method had good precision and accuracy for tissue , which was the foundation of HPLC method for tissue distribution study. 
Stability
The analytes stability was evaluated by long-time, shorttime and freeze-thaw stability experiment. The recoveries of freeze-thaw stability after three cycles were 88.7 to 92.1% (tamarixetin) and 86.3 to 93.5% (kaempferide). The values of short-time stability were no less than 86.4% (tamarixetin) and 87.3% (kaempferide), and the long-time stability results were more than 89.6% (tamarixetin) and 92.1% (kaempferide). These results indicated that all the biological samples were stable after three freeze (-20ºC)-thaw cycles, for 24 h at room temperature and for 30 days at -20ºC, with a reduction of less than15%.
Tissues distribution
Concentrations of tamarixetin and kaempferide were determined in various tissues of rat such as heart, liver, lung, spleen, kidney, prostate and brain, respectively. At 30 min after oral administration of TFT to rats, high level of two analytes was observed in heart, liver and lung, and at 60 min the high tissues were spleen, kidney and brain. Tamarixetin and kaempferide were few in all collected tissues after 90 min and were undetectable in most tissues after 120 min; there was no long-term accumulation after administration. Table 1 showed the concentrations of the tamarixetin and kaempferide in rat tissues at 10, 30 and 60 min after oral dose of TFT. This study showed that analytes was mainly distributed in abundant blood-supply tissues such as lung, liver and heart, which implied that the distribution of analytes maybe depended on the blood flow. The high distribution in lung confirmed that the twig of T. chinensis could treat cough.
Conclusion
The assay procedure presented in this report provides a simple, rapid and sensitive procedure for the determination of tamarixetin and kaempferide in tissues after oral administration to rats. The achieved tissue distribution results may be useful for further study of TFT, and be good for the development of T. chinensis to modern medicine. This was the first study of tamarixetin and kaempferide on tissue distribution after oral administration of TFT to rats.
